Chemical investigations of a fermentation culture from the endophytic fungus Pestalotiopsis sp. yielded three novel caprolactams, pestalactams A-C (1-3). The structures of 1-3 were determined by analysis of 1D and 2D NMR, UV, IR, and MS data. The structure of pestalactam A was confirmed following single crystal X-ray diffraction analysis. Pestalactams A-C are the first C-7 alkylated caprolactam natural products to be reported. Pestalactams A (1) and B (2) were tested against two different strains of the malaria parasite Plasmodium falciparum (3D7 and Dd2), and the mammalian cell lines, MCF-7 and NFF, and showed modest in vitro activity in all assays.
Introduction
Over the decades microfungi have been a source of numerous novel, and bioactive secondary metabolites. 1, 2 Although there has recently been a significant increase in research activity on natural products from marine fungi, [3] [4] [5] terrestrial fungi continue to provide natural products chemists with new and/or biologically interesting compounds. Recent examples of terrestrial-derived fungal compounds include the antileishmanial palmarumycins CP 17 and CP 18 , from the endophyte Edenia sp., 6 the anticancer berkelic acid from Penicillium sp., 7 farinomalein
from Paecilomyces farinosus, 8 the insecticidal paraherquamides H and I from Penicillium cluniae, 9 and the antimalarial polyketide codinaeopsin from the endophytic fungus, Codinaeopsis gonytrichoides. 10 As part of our research [11] [12] [13] [14] [15] on the chemistry of endophytic fungi from Australian plants we examined the stems of Melaleuca quinquenervia (family Myrtaceae) for its fungal content. Several different microfungal strains were purified and taxonomically identified, including one Pestalotiopsis sp. (BRIP 39872). Chemical investigations of static rice fermentation cultures of this endophytic fungal strain yielded three novel caprolactam derivatives, named pestalactams A-C. Herein, the isolation, structure elucidation and preliminary biological evaluations of these novel fungal secondary metabolites are reported.
Results and discussion
The fungus Pestalotiopsis sp. was grown on damp white rice under static conditions then extracted with EtOAc. This extract was fractionated by C 18 flash column chromatography using C NMR data (Table 1) in conjunction with the (+)-HRESIMS allowed a molecular formula of C 10 H 12 ClNO 4 to be assigned to The pestalactam carbon skeleton is presumably derived from leucine and two malonyl-CoA derived acetates and assembled by a hybrid NRPS-PKS. The proposed linear enzyme-bound thioester intermediate is likely released from the complex as a result of a thioesterase-catalyzed cyclisation. 16 Oxidation and hydroxylation of the cyclised NRPS-PKS product by cytochrome P450s gives rise to the putative trione intermediate which, on tautomerisation, provides the enol dione 2. The chlorination of 2 to yield the major product 1 is most likely catalyzed by a hemedependent chloroperoxidase. 17, 18 The enol dione has been long established as the preferred substrate for chlorination and such fungal enzymes are considered to be the prototypical examples of heme-dependent haloperoxidases. 19 Subsequent dehydration of the leucine-derived side chain ultimately yields 3. The assembly of fungal metabolites by hybrid NRPS-PKSs is rare but not unprecedented and several biosynthesis gene clusters have recently been identified including those encoding the biosynthesis of the cytochalasans 20 and the aspyridones. 21 We anticipate that future biosynthetic studies including characterisation of the biosynthesis gene cluster will reveal that the pestalactams are indeed NRPS-PKS derived, and that their assembly represents an alternative pathway to caprolactam formation and one by which the unique C-7 alkylation can be fully explained.
Prior to submitting pestalactams A-C to the open access compound repository at Eskitis, 22 and their initial biological evaluation, purity studies were performed using microfluidics liquid chromatography (µPLC). 23 Analysis of the µPLC data and integration of all UV peaks at 254 nm determined that 1 and 2 had purities of 95% and 94%, respectively, while pestalactam C (3) had degraded. Table 4 shows the in vitro activity of compounds 1 and 2 against chloroquine resistant (Dd2) and chloroquine sensitive (3D7) P. falciparum malaria parasite lines, and against two mammalian and ceratamines A (6) and B (7) from the marine sponge Pseudoceratina sp. 27 Furthermore, in regards to reported natural product chemistry, compounds 1-3 contain a unique carbon skeleton, due to C-7 alkylation of the caprolactam ring. Pestalactams A and C are the first examples of natural products that contain a halogenated caprolactam ring.
Experimental section

General Experimental Procedures.
NMR spectra were recorded at 30 ºC on either a Varian 500 MHz or 600 MHz Unity INOVA spectrometer. The latter spectrometer was equipped with a triple resonance cold probe. 
Collection and Identification of Fungus
Pestalotiopsis sp. was isolated from a surface sterilised piece of stem (~ 2 mm × 10 mm) from the plant Melaleuca quinquenervia collected from Toohey Forest, Queensland, Australia during February of 2003. Sterilisation of the stem fragment was performed by sequential immersion in 95% EtOH (1 min), 2.1% NaOCl (5 min) and 95% EtOH (1 min). The sterilised stem was immediately transferred to a potato dextrose agar (PDA) and incubated at 25 ºC for 3 days.
Developing mycelial colonies were subcultured to fresh PDA plates. Colonies of Pestalotiopsis sp.
were persistently isolated and one of these cultures was retained (BRIP 39872) for further study.
Members of Pestalotiopsis are easily recognised by their distinctive conidial morphology, although the determination and delimitation of species in this genus is particularly difficult. 28 The identification of Pestalotiopsis sp. was based on the presence of acervular conidiomata that Herbarium, Indooroopilly, QLD 4068, Australia.
Extraction and Isolation.
The fungal isolate (BRIP 39872) was initially grown on potato dextrose agar, until a prominent growth of mycelia was achieved. The mycelium covered agar was then cut into ~1 cm 3 portions, and then transferred to three conical flasks (500 mL) each containing damp white rice (50 g rice plus 100 mL H 2 O). The fermentation was allowed to proceed under static conditions at 25 °C for 28 days after which time the rice and mycelium were extracted with EtOAc (3 × 150 mL). The organic extracts were all combined and the solvent removed in vacuo to yield a dark brown gum 
Pestalactam A (1).
Pale 
Pestalactam C (3).
Pale-yellow amorphous solid; UV (MeOH) λ max (log ε) 217 (4. 
X-ray crystallography data for pestalactam A (1)
X-ray diffraction data for 1 were measured at 295(2) K using a Rigaku AFC7R four circle diffractometer (ω-2θ scan mode, graphite monochromated Mo-K a radiation l = 0.71069 Å). The structure was solved by direct methods and refined by full matrix least squares refinement on F 2 .
Anisotropic thermal parameters were refined for non-hydrogen atoms. 
P. falciparum growth inhibition assays.
In vitro antimalarial growth inhibition assays were carried out using P. falciparum lines 3D7
(chloroquine-sensitive) and Dd2 (chloroquine-resistant), as previously described. [33] [34] [35] 36 Three independent experiments were carried out and the mean IC 50 (±SD) is shown in Table 4 .
Mammalian Cell Assays.
All cell lines were cultured in 10% heat-inactivated foetal calf serum (CSL, Australia) in RPMI 1640 medium supplemented with 100 U/mL penicillin, 100 µg/mL streptomycin, and 3 mM HEPES at 5% CO 2 , 99% humidity at 37 °C. Routine mycoplasma tests were performed using 
